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INTENDED LEARNING OBJECTIVES (ILO) ©) 


By the end of this lecture the students will be able to: 

1) Describe cardiac reserve with its parameter's 
limitations, and mechanisms 

2) Describe cardiac output curve , hypo-effective and 
hyper-effective hearts and their causes. 

3) List the types of work done by the heart 

4) Describe mechanical efficiency of the heart 

5) Describe the O, consumption by the heart 

6) Apply the information studied in this section to solve a 
clinical problem or explain clinical case. 


Cardiac Reserve ED 


Definition: 

It is the ability of the heart to 
augment its CO in order to meet 
the body demands. 


Cardiac 
reserve 


V It equal the difference between 
basal and maximal cardiac 
output or work. 

V Cardiac reserve = Maximal 


cardiac output - basal cardidesii 
output 
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Mechanisms of cardiac reserve © 
A)Short acting mechanisms: ae 
|| Preload Afterioad | 


Contracti = 
Moment to moment increase in CO to | 


meet the increased demands. 


1)Increase CO up to 13 L/min 


(permissive limit): Heart ' Stroke 
a)Heart rate increase: rate | volu me 


- Happen by inhibition of 


vagal tone........ | 
b) Stroke volume: CARDIAC | 
Increased by increased venous OUTPUT 
return (EDV): heterometric 
mechanism https://o.quizlet.com/Wz.jLkKO6Zb3mMb9pLq-tfQ.pr 
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Mechanisms of cardiac reserve €) 
2) Increase CO above the SIE geen 
Contractility || Preload |! Afterload 
permissive limit: | y 


sympathoadrenal stimulation ry 
due to ...... | 


Heart Stroke 


a)Heart rate reserve mechanism: rate | volume 


+ve chronotropic up to 180 
beat per minute. + 


b) Stroke volume reserve CARDIAC 

mechanism: OUTPUT 
+ve inotropic effect with 
constant EDV, SV increase b 
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httos://o.quizlet.com/Wz.iLkO6Zb3mMboplLa-tfO.pr 


Mechanisms of cardiac reserve © 


B) Long term Mechanisms : 

Slowly and gradual acting 
mechanism: 

1) Dilation : 

Y Depend on frank starling law 
increasing EDV. 

Y Occur in volume overload as aortic 
incompetence, ventricular septal 
defect and congestive heart 
failure. 


~ A 


SS” 


Normal 


2) Hypertrophy: 


V Increased number and thickness mis: » såå ale” 
C | Hypertrophic cardiomyopathy Dilated cardiomyopathy 


cardiacanuscles, increasing o: pasiono ipadye 


Ms x F 


Trends in Molecular Medicine 


Mechanisms of cardiac reserve 


DILATED HEART 


https://image.slidesharecdn.com/cardiachyprtrophy 
andheartfailure-160711082423/95/cardiac-hyprtro 
phy-and-heart-failure-13-638.jog?cb=1468225511 
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Cardiac Output Curve © 


V Causes of hyper-effective heart: 
Hyper-effective heart is heart 


with increased cardiac output 
better than normal. It can be 
cause : 

1)Ne ion. 

i /min. 


rdiac output 


Cardiac output (L/min) 


25 


20 ; 
Hypereffective 


15 


10 
Hypoeffective 
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Hyper-effective and Hypo-effective heart © 


V Causes of hypo-effective heart: 
Hypo-effective heart is heart 


with decreased cardiac output. It 20 
can be caused by: 
1) Increased arterial pressure 
such as in severe hypertension. 
2)Inhibition of nervous excitation 
of the heart. 

3)Arrhythmias. 4) 
Coronary artery insufficiency. 
5) Valvular heart disease. 

6) Congenital heart disease. 7) 
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Mvocarditis. 


pn ee M ți 


15 


ae Ta a sikka 


Cardiac output (L/min) 


Hypoettective 


oe eel = e ee å ‘M 
—_ 


—4 0 +4 +8 


Guyton and Hall 1384 edition 


Cardiac Work © 


Types of cardiac work: 150 
Y Stroke Work: 
- Stroke work = stroke volume 
X mean arterial pressure. 
- Left ventricle have stroke 
work 7 times than that of 
right ventricle WHY? 


— 
© 
© 


Area = 
Stroke Work 


O1 
© 


LV Pressure (mmHg) 


V Minute work: 
- is work done by heart in 0 
whole minute. 0 50 100 150 200 
- Minute work = stroke work JW SONNE (mL) 
x Heart rate. iksi ant eee swine anaes rok TA a i 


ojo 
(Pes 
jis 


Cardiac work © 


Y work output of heart is 
in form of 

- External work : include 
pressure and volume 
work. 

- Kinetic energy to give 
velocity to the blood 
( normally small and 
neglected = 1%. But 
increased in case of 
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| Systolic pressure 


Isovolumic 
relaxation 


Period of ejection 


Isovolumic 


100 contraction 


0 Diastolic 


pressure 


Left intraventricular pressure (mm Hg) 
on 
a) 


100 150 200 250 


Period of filling Left ventricular volume (ml) 


Mechanical Efficiency ©) 


Mechanical efficiency of the heart : 

V The efficiency of the heart may be 
calculated as the ratio of the work 
accomplished to the total energy used. 
Normally, it is 20-25%. 

VIt is decreased with increased after load, 
preload, heart rate and heart dilation. 

V It is increased with hypertrophy. 
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Cardiac O, consumption © 


y O, consumption by =@= Cardiac output 


. a 35 and cardiac index T 
the beating heart is i ae renen £ 
about 9 mL/100 g/mii © 154 £ consumption 4 = 
at rest. z = RE: 

$ 3 4 Q 
YO, consumption 31048 re : 
e e ° = 15 Ww 
increases in exercise. $ 9 ef 2 £ 
e = Me ' i Q 
y O, extraction by Fejn M pa p7 T 
É i am 2 f o 
cardiac muscles is p a ® 2 
hi h e e Ġ 0 0 0 oO 
ign so increases in 0 400 800 1200 1600 
O, consumption Work output during exercise (kg-m/min) 
require increase İN ion of Basic Medical Sciences | ma ton and Hall 13" edition 15 


tha hlnandg,d fi naz 


Cardiac O, consumption © 
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Lecture Quiz © 


Question 1 

What are types of cardiac work ? 

Stroke work, minute work, volume work, pressure work. 
Question 2 


In athlete heart, work by the heart is increased by all 
the following except : 

a) Increased heart rate 

b) Increased myocardial contractility 

c) Increased intramyocardial tension d 

d) Increased diameter of the ventricles 


SUGGESTED TEXTBOOKS ©) 


1. Ganong 23% edition P 678 to P. 685 


2. Guyton and Hall 13“ edition P. 118. to P. 120 
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